Local adaptation is an important consideration when predicting arthropod-borne disease risk 28 because it can impact on vector population fitness and persistence. However, the extent that vector 29 populations are adapted to local environmental conditions and whether this can impact on species 30 distributions generally remains unknown. Here we find that the geographic distribution of Ae. 31 aegypti across Panama is rapidly changing as a consequence of the recent invasion by its ecological 32 competitor, Aedes albopictus. Although Ae. albopictus has displaced Ae. aegypti in some areas, 33 species coexist across many areas, raising the question: What biological and environmental factors 34 permit population persistence?. Despite low population structure and high gene flow in Ae. aegypti 35 across Panama, excepting the province of Bocas del Toro, we identify 128 candidate SNPs, clustered 36 within 17 genes, which show a strong genetic signal of local adaptation. This putatively adaptive 37 variation occurs across relatively fine geographic scales with the composition and frequency of 38 candidate adaptive loci differing between populations in wet tropical environments along the 39 Caribbean coast and the dry tropical conditions typical of the Pacific coast of Panama. Temperature 40 and vegetation were important predictors of adaptive genomic variation in Ae. aegypti with 41 potential areas of local adaptation occurring within the Caribbean region of Bocas del Toro, the
7 occurrence data throughout all years revealed that the presence of Ae. aegypti is positively and 154 significantly associated with the presence of Ae. albopictus (GLM, Z = 18.93, d .f = 7390, P = 0.000), 155 reflecting the ecological similarity of the two species and the continued expansion of Ae. albopictus 156 throughout much of Ae. aegypti's historical range. Although both species now co-exist in many areas 165 has only recently arrived (Darién) or has not yet been documented (Bocas del Toro).
167
Genomic evidence for local adaptation in Ae. aegypti in response to environmental 168 heterogeneity across Panama. The spatial environmental heterogeneity of Panama coupled with 169 the recent population changes associated with the introduction of Ae. albopictus provides a 170 framework to ask if there was any evidence that local adaption of Ae. aegypti might allow 171 population persistence. If so, we would expect populations of Ae. aegypti to harbour genomic loci 172 with a signal of selection that are correlated to the local environmental conditions. These loci are 173 expected to be present in regions of Aedes co-existence.
175
As a first step, we applied redundancy analysis (RDA) to jointly identify candidate outlier loci and to 176 assess how candidate variation was partitioned among the different environmental variables. In this 177 analysis, we tested a number of environmental variables including Normalized Difference Vegetation 178 Index (NDVI), average rainfall, average humidity, average minimum and maximum temperature, and 8 human population density. RDA identified 1,154 candidate SNP's with a genomic signal of local 180 adaptation, which we used to visualise putatively adaptive variation on ordination plots. Overall, 181 there was a partitioning of alleles dependant on dry tropical and wet tropical conditions. For 
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Across all three methods there were 128 SNP's consistently identified as outliers, providing greater 213 confidence that these loci are located in or close to genomic regions possibly involved in local 214 adaptation. These candidate SNPs fell into 15 distinct clusters, suggesting that linkage disequilibrium 215 was driving some of the observed patterns (S5 Fig) . The 128 SNPs fell into 17 genes, 11 of which are 216 annotated as involved in structural functions, enzyme activity and metabolism (S1 Table) . None of 217 these genes are known to be involved in the development of insecticide resistance in populations of 218 Aedes mosquitoes.
220
We further narrowed down which of the environmental variables contributed most to the 221 partitioning of genomic variation using a combination of Generalised Dissimilarity Modelling (GDM) 222 and Gradient Forests (GF) analyses. Both approaches allowed us to visualize the allelic turnover of 223 these putatively adaptive loci in relation to each environmental variable. The environmental 224 variables that contributed the greatest variance to both GDM and GF models on analysis of the 128 225 candidate loci were minimum and maximum temperature (S2 Table, 
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The eggs of Ae. aegypti are more tolerant to higher temperatures and desiccation in comparison to 332 the eggs of Ae. albopictus, which are able to survive lower temperatures through diapause [15, 55] .
333
Consistent with the prediction that local environmental adaptation contributes to Ae. aegypti 334 persistence, we found putatively adaptive loci within the dry tropical Pacific regions of Chiriquí 335 14 (David), Coclé, the eastern Azuero Peninsula and provincial Panamá where both species co-occur.
336
There was also genetic evidence for local adaptation in the isolated wet tropical region of Bocas del 337 Toro and Costa Abajo near Colon, but whether this variation will allow Ae. aegypti to resist invasion 338 by Ae. albopictus is unknown, given that Ae. albopictus was only recorded in Costa Abajo in 2018 and
339
has not yet reached Bocas del Toro. Alternatively, the present patterns of species co-existence could 
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Assuming that the whole population will respond to environmental precursors as a homogenous unit 362 is erroneous when local adaptation is present and considering adaptability as a parameter, in 363 combination with the environmental response, will improve the accuracy of future projections 364 [12, 70] . Furthermore, the presence of locally adapted populations threatens the efficiency of gene 365 drive systems aimed at promoting disease resistance within mosquito populations. This is because 366 environmental differences between sites, as well as physical geographical barriers, will restrict 367 mosquito dispersal and therefore limit the spread of beneficial alleles or inherited bacteria [71] .
368
However, if locally adaptive alleles are well-characterised, this knowledge could also potentially be 369 exploited. A more tailored approach could improve gene drive efficiency, since locally adapted 370 individuals are theoretically more likely to survive to pass on the intended benefit to the next 371 generation.
373
If local environmental adaptation is proven to influence Aedes co-occurrence, then this could 374 facilitate the emergence of sylvatic arboviral disease. Ae. albopictus is an opportunistic feeder, able 375 to utilise a wide range of peri-domestic habitats outside of its native range [72, 73] Table) .
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Immature stages of Aedes from each trap were reared to adulthood as separate collections in the 
435
The collinearity and covariance of the environmental data was assessed the R Stats package [80].
436
One variable, average minimum and maximum temperature difference was removed from analysis 437 because it was highly correlated with the other temperature variables (>0.8 correlation coefficient).
18
All other variable comparisons had a correlation coefficient below 0.7 and were retained for analysis 439 (S4 Table) .
441
Analysis of population structure. FastStructure was also applied to all loci to infer the ancestry improve power, we filtered our data before analysis to include only sites with an MAF > 5 % and 476 analysed our data with five separate LFMM runs, each with 20,000 cycles after an initial burn-in 477 period of 10,000 cycles. Median Z-scores were calculated from the five runs and Bonferroni 478 corrected for multiple tests, before loci significantly correlated with environmental variables were 479 identified based on a false discovery rate of 10 % using the Benjamini-Hochberg procedure outlined 480 in the program documentation. Visualisation of the Bonferroni adjusted probability values for the 481 loci correlated with each environmental factor revealed that the majority of probability values were 482 at a flat distribution while those correlated with environmental variables were within a peak close to 483 0, indicating that confounding factors were under control. In addition to the two EAA analyses,
484
PCAdapt was applied to identify loci putatively under selection pressure because they deviate from 485 the typical distribution of the test statistic Z [82]. Two K populations were chosen to account for 486 neutral population structure in the data based on scree plots of the proportion of explained variance 487 and visual inspection of PCA and STRUCTURE plots which revealed that populations from the region 488 of Bocas del Toro form a distinct genomic grouping (Fig 1, S11 Fig) . 
